Abstract. The effect of casticin was investigated by focusing on cell viability, apoptosis induction and cell cycle arrest in HL-60 cells. Casticin induced a dose-and time-dependent decrease in cell viability associated with apoptosis induction and G 2 /M cell cycle arrest. The addition of SB203580, an inhibitor for p38 mitogen-activated protein kinase (MAPK), but not SP600125 [c-Jun NH 2 -terminal protein kinase (JNK) inhibitor] and PD98059 [extracellular signal-regulated kinase (ERK) inhibitor], abrogated casticin-induced cell cycle arrest and apoptosis associated with the activation of caspases including caspase-8, -9 and -3. Endogenous p38 MAPK activation was observed in untreated cells based on the detection of the expression levels of phospho-p38 MAPK, whereas casticin did not affect the degree of p38 MAPK activation. Interestingly, the addition of SB203580 suppressed casticin-induced phosphorylation of histone H3, a downstream molecule of the p38 MAPK signaling pathway and known to be involved in chromosome condensation during mitosis. More importantly, casticin induced upregulation of intracellular ATP levels. Although casticin induced intracellular reactive oxygen species, antioxidants failed to block casticin-mediated cytotoxicity, indicating that casticin-induced cytotoxicity appears to be independent of reactive oxygen species generation. Based on the fact that SB203580 has been reported to compete with ATP for binding to the active form of p38 MAPK, and consequently blocks the p38 MAPK activity in activating downstream molecules, these results suggest that casticin induces cytotoxicity associated with apoptosis and cell cycle arrest in HL-60 cells through the p38 MAPK pathway, in which intracellular ATP levels and phosphorylation of histone H3 play critical roles.
Introduction
Cell proliferation is tightly regulated, in which apoptosis plays a key role in the maintenance of homeostasis of normal cells. It has been proposed that dysregulation of apoptosis results in the development of cancer (1) . Therefore, the aim of anticancer therapy is generally focused on apoptosis induction in premalignant and malignant cells, although other multiple molecular mechanisms such as modulation of carcinogen metabolism, anti-angiogenesis and induction of differentiation are also known to be implicated in its anticancer activity (2, 3) . So far, two principal signal pathways of apoptosis, such as intrinsic and extrinsic pathways, have been identified (1, 2) . It has been clarified that activation of caspases including caspase-8, -9 and -3 play critical roles in the initiation and execution of the two signal pathways (2, 4) . Furthermore, Bid, a pro-apoptotic Bcl-2 family protein is well known to be responsible for the crosstalk between intrinsic and extrinsic pathways (5, 6) . Besides apoptosis, induction of cell cycle arrest has also been demonstrated to contribute to cytocidal effects of natural product derived substances (7) .
Members of the family of mitogen-activated protein kinases (MAPKs) are involved in apoptotic signaling, as well as in control of growth and differentiation. The MAPKs include p38 kinase, c-Jun NH 2 -terminal protein kinase (JNK), and extracellular signal-regulated kinase (ERK) (8) . The p38 MAPK and JNK are generally considered to be required for the induction of apoptosis by diverse stimuli (8) (9) (10) (11) , whereas ERK is usually referred to as a survival mediator involved in the cytoprotective effect (12, 13) .
Numerous components of edible plants, collectively termed phytochemicals that have beneficial effects for health, are increasingly being reported in scientific literature and these compounds are now widely recognized as potential therapeutic compounds (2, 7, 14) . Natural product derived substances, espe-
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cially polyphenolic compounds with very little toxic effects on normal cells, have attracted great attention in therapeutic application in clinical oncology due to their chemopreventive, antitumoral, and chemosensitizing activities against various types of aggressive and recurrent cancers (7, 14, 15) . Indeed, up to 60% of cancer patients use herbal supplements during and after chemotherapy in the USA (16) . Casticin, a flavonoid, has been demonstrated to show anti-carcinogenic activity in breast cancer cell line MN1 and colonic carcinoma cell line HCT116 (17) , as well as epidermoid carcinoma cell line KB (18) . We and others have demonstrated that casticin is one of major components of extract from ripe fruit of Vitex agnus-castus (Vitex) (19; and Kikuchi et al unpublished data). Furthermore, we have demonstrated that Vitex exhibits cytotoxic activities against various types of solid tumor cells, such as KATO-III (gastric signet ring carcinoma cell line), COLO 201 (colon carcinoma cell line) and MCF-7 (breast cancer cell line) (20) (21) (22) . Although casticin-mediated cytocidal effects are also demonstrated in leukemia cell lines such as K562, Kasumi-1, HL-60 (23), the precise molecular mechanisms underlying cytocidal effects of casticin are still needed to be defined in detail. In the present study, the effect of casticin was firstly investigated by focusing on apoptosis induction and cell cycle arrest in HL-60 cells. Next, the details of involvement of MAPK signaling pathways in casticin-mediated cytocidal effects in HL-60 cells were investigated using MAPK inhibitors.
Materials and methods

Materials.
Casticin was obtained from ChromaDex (Irvine, CA, USA). Fetal bovine serum (FBS) was purchased from Nichirei Biosciences (Tokyo, Japan). RPMI-1640 medium, and N-acetyl-L-cysteine (NAC) were obtained from Wako Pure Chemical Industries (Osaka, Japan). Agarose X and dichlorofluorescin diacetate (DCFH-DA) were purchased from Nippon Gene (Tokyo, Japan) and Invitrogen (Carlsbad, CA, USA), respectively. Propidium iodide (PI), ribonuclease A (RNase A), and 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-((phenylamino)carbonyl)-2H-tetrazolium hydroxide (XTT) were purchased from Sigma-Aldrich (St. Louis, MO, USA). 6-hydroxy-2,5,7,8-tetra-methyl-chroman-carboxylic acid (Trolox), MAPK inhibitors and their negative controls (p38 MAPK inhibitor SB203580 and its negative control SB202474; JNK inhibitor SP600125 and its negative control SP600125NC; ERK inhibitor PD98059) were purchased from Calbiochem (La Jolla, CA, USA).
Cell culture and treatment. HL-60 cells were obtained from the Health Science Research Resources Bank (Tokyo, Japan). Cells were cultured in RPMI-1640 medium supplemented with 10% heat-inactivated FBS and 100 U/ml of penicillin and 100 µg/ml of streptomycin at 37˚C in a humidified atmosphere (5% CO 2 in air). Cells were treated with antioxidants, and MAPK inhibitors or their respective negative control, respectively, at the indicated concentrations for 1 h prior to treatment with casticin in the presence or absence of these reagents.
Cell viability assay. After treatment with casticin ranging from 0.1 to 1.0 µg/ml for 24 or 48 h, cell viability was measured by the XTT assay as described previously (22) . IC 50 value of casticin was about 0.3 µg/ml calculated from the cell proliferation inhibition curve after 24-h treatment. In order to investigate the effects of antioxidants (NAC and Trolox) and MAP kinase inhibitors on casticin-induced alterations of cell viability, cells were treated with 0.3 µg/ml of casticin in the presence of these reagents for 24-h incubation.
DNA fragmentation analysis. DNA fragmentation analysis was carried out according to a method described previously (24) . Briefly, DNA samples (approximately 20 µg DNA/20 µl TE buffer (10 mM Tris-HCl, pH 7.8, 1 mM EDTA)) and 100 bp DNA Ladder were electrophoresed, respectively, on a 2% agarose X gel, and visualized by ethidium bromide staining, followed by viewing under UV Light Printgraph (ATTO Corporation, Tokyo, Japan).
Cell cycle analysis. After treatment with 0.3 µg/ml of casticin in the presence or absence of SB203580 or SB202474 for 12 h, cell cycle analysis was performed using a FACSCanto flow cytometer (Becton-Dickinson, San Diego, CA, USA) according to a method reported previously with modifications (25) . With respect to staining cellular DNA, cells were washed twice with PBS, fixed with 1% paraformaldehyde/PBS for 30 min, washed twice again with PBS, permeabilized in 70% (v/v) cold ethanol and kept at -20˚C for at least 4 h. Then, cell pellets were washed twice with PBS after centrifugation and incubated with 0.25% Triton X-100 for 5 min on ice. After centrifugation and washing with PBS, cells were resuspended in 500 µl of PI/RNase A/PBS (5 µg/ml of PI and 0.1% RNase A in PBS) and incubated for 30 min in the dark at room temperature. A total of 10,000 events were acquired and Diva software and ModFit LT™ Ver.3.0 (Verity Software House, Topsham, ME, USA) were used to calculate the number of cells at each sub-G 1 , G 0 /G 1 , S and G 2 /M phase fraction.
Caspases activity. Activity of caspases was measured using a caspase fluorometric assay kit (BioVision, Mountain View, CA, USA) according to the methods previously reported (26) . Briefly, after treatment with 0.3 µg/ml of casticin in the presence or absence of SB203580 or SB202474 for 12 h, cells were washed twice with PBS and suspended in 'cell lysis buffer' from the kit for preparation of cell lysates. Protein amount of 50 µg/50 µl of cell lysates was plated on a 96-well plate, followed by the addition of 50 µl of 2X reaction buffer containing 10 mM DTT to each sample, and then 5 µl of 1 mM caspase substrate (final concentration of 50 µM). After incubation at 37˚C for 1 h, fluorescent intensity was measured with a 400 nm excitation filter and 505 nm emission filter using a microplate reader Safire (TECAN, Mannedorf, Switzerland).
Western blot analysis. Protein samples were separated on an SDS-PAGE, followed by transferring to a nitrocellulose membrane as described previously (10) . Protein bands were detected using the following primary antibodies: mouse anti-human β-actin (1:5,000 dilution, Sigma-Aldrich); rabbit anti-human phospho-p38 MAPK (Thr180/Tyr182) (1:1,000 dilution), and rabbit anti-human p38 MAPK (1:1,000 dilution) (Cell Signaling Technology, MA, USA). Blotted protein bands were detected with respective horseradish peroxidase-conjugated secondary antibody and an enhanced chemiluminescence (ECL) western blot analysis system (Amersham Pharmacia Biotech, Buckinghamshire, UK). Relative amounts of the immunoreactive proteins were calculated from the density of the gray level on a digitized image using a program, Multi Gauge Ver. 3.0 (Fujifilm, Tokyo, Japan).
Detection of phosphorylation of histone H3.
Similarly to Cell cycle analysis, after treatment with 0.3 µg/ml of casticin in the presence or absence of SB203580 or SB202474 for 12 h, cells were harvested and fixed. Then, cell were suspended in 0.25% Triton X-100 and washed twice with PBS. Next, cell pellets were resuspended in cell staining buffer (140 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 1.8 mM KH 2 PO 4 , 14 mM sodium azide) containing 0.1 µg of anti-histone H3-P mAb conjugated with Alexa Fluor 488 or isotype control conjugated with Alexa Fluor 488 (IgG2a, κ) (BioLegend, San Diego, CA, USA), followed by 2-h incubation in the dark at room temperature. After centrifugation and washing with PBS, cells were resuspended in 500 µl of PI/RNase A/PBS and incubated for 30 min in the dark at room temperature. The expression levels of phosphorylation of histone H3 were analyzed using a FACSCanto flow cytometer according to a method reported previously (27) .
Measurement of intracellular ATP levels. ATP levels were determined using a 'Cellno' ATP assay reagent (TOYO B-Net, Tokyo, Japan) according to the manufacturer's instructions. Briefly, after treatment with 0.3 µg/ml of casticin for 6 h, cells (2x10 5 cells) were washed with PBS twice and suspended in 100 µl of PBS. Cell suspension was inoculated into 96-well microtiter plates followed by the addition of 100 µl of 'Cellno' ATP assay reagent. After shaking for 1 min and incubating for 10 min at room temperature, luminescence was measured in a luminometer.
Measurement of intracellular ROS levels. Intracellular ROS levels were analyzed using DCFH-DA as a ROS-reactive fluorescence probe as described previously (28, 29) . In brief, after treatment with 0.3 µg/ml of casticin for 3 or 12 h, cells (1x10 6 ) were suspended in 1 ml of PBS with 5 mM DCFH-DA and incubated for 20 min at 37˚C. Next, cells were washed with PBS twice, and resuspended in 500 µl of 2 µg/ml PI/PBS. A total of 30,000 events were acquired for flow cytometry analysis using a FACSCanto flow cytometer and Diva software. Statistical analysis. Data were analyzed using Student's t-test and p<0.05 was consider as statistically significant.
Results
Involvement of apoptosis induction and cell cycle arrest in casticin-induced cytotoxicity in HL-60 cells.
A significant decrease in cell viability was observed in a dose-and time-dependent manner in HL-60 cells after treatment with various concentrations of casticin (0.1, 0.25, 0.5 and 1.0 µg/ml) for 24 or 48 h (Fig. 1A) . The IC 50 values were 0.29±0.02 µg/ml and 0.15±0.002 µg/ml for 24 and 48 h treatment, respectively, calculated from the respective cell proliferation inhibition curve. A significant difference of the IC 50 values was observed between two time points (p<0.01). A typical DNA fragmentation ladder representing apoptosis induction was observed at concentrations starting from 0.25 µg/ml of casticin at 24 h (Fig. 1B) , and the extent of fragmentation was more evident at 48 h (data not shown). Consistent with results in Fig. 1B , flow cytometric analysis showed a significant accumulation of cells in sub-G 1 phase after treatment with the IC 50 value of casticin at 0.3 µg/ml for 12 h (Fig. 1C) . Concomitantly, G 2 /M cell cycle arrest along with a significant decrease in the number of cells both in G 0 /G 1 and S phase was also observed (Fig. 1C) .
Effects of MAP kinase inhibitors on casticin-induced cytotoxicity in HL-60 cells.
The involvement of MAP kinases in casticin-induced cytotoxicity was investigated in HL-60 cells when treated with casticin at 0.3 µg/ml for 24 h in the presence or absence of inhibitors. Cytotoxicity induced by casticin was significantly abrogated in a dose-dependent manner by the addition of various concentrations (2.5, 5.0 and 10.0 µM) of SB203580, an inhibitor for p38 MAPK, but not by SB202474, a negative control for SB203580 ( Fig. 2A  and B) . However, treatment with even as low as 2.5 µM PD98059, an inhibitor for ERK, not only showed cytotoxicity against HL-60 cells but also enhanced the cytocidal effect of casticin (Fig. 2C) . Moreover, both SP600125, an Figure 2 . Effect of MAP kinase inhibitors on casticin-induced cytotoxicity in HL-60 cells. Cell viability was determined by XTT assay after treatment with 0.3 µg/ml of casticin for 24 h in the presence or absence of inhibitors for p38 MAPK, ERK or JNK (2.5, 5.0 and 10.0 µM, respectively). Relative cell viability was calculated as described in Fig. 1 inhibitor for JNK and its negative control, SP600125NC, appear to show cytocidal effect against HL-60 cells and little influence on the cytocidal effect of casticin ( Fig. 2D and E). 
Effects of p38 MAPK inhibitor on casticin-induced apoptosis
Effects of p38 MAPK inhibitor on casticin-induced caspase activity in HL-60 cells.
Given that caspases play crucial roles in apoptosis induction, the activity of caspase-8, -9 and -3 were evaluated in HL-60 cells after treatment with the IC 50 value of casticin at 0.3 µg/ml of casticin for 12 h. As expected, caspase-8, -9 and -3 activities showed a significant increase after treatment with casticin (Fig. 4A) . Furthermore, their activities were significantly abolished by the addition of 10 µM SB203580, but not by SB202474 (Fig. 4B, C and D) . Moreover, SB203580 and SB202474 alone showed no influence on caspase activity. Fig. 5 , endogenous p38 MAPK activation was observed in untreated HL-60 cells based on the expression levels of phospho-p38 MAPK. Furthermore, no alterations of the expression levels of phospho-p38 MAPK were observed in HL-60 cells treated with 0.3 µg/ml of casticin when compared to those in untreated cells, indicating that treatment with casticin did not affect the degree of p38 MAPK activation. Interestingly, the addition of 10 µM SB203580 significantly inhibited the expression level of phospho-p38 MAPK regardless of the presence or absence of casticin, similar to results in a previous report (9) , whereas no such results were observed in the presence of 10 µM SB202474. It should be noted that there were no changes in the expression levels of total p38 MAPK expression observed in both untreated and treated cells. Fig. 6A and B, a substantial increase in the expression levels of phospho-histone H3 over the endogenous levels was detected in HL-60 cells treated with 0.3 µg/ml of casticin 3 µg/ml of casticin for 6 h in the presence or absence of SB203580 (10 µM) or SB202474 (10 µM), the expression profiles of phospho-p38 MAPK (active form of p38, P-p38), p38 MAPK (total p38) and β-actin proteins were analyzed as described in the text. (B) The expression levels were expressed as the ratios between P-p38 and p38 protein expression levels, and were compared with those at control group. Data are shown as mean ± SD from three independent experiments. * p<0.01 vs. control; † p<0.01 vs. casticin alone; § p<0.05 vs. casticin+SB202474.
Detection of phosphorylation of p38 MAPK in casticin-treated HL-60 cells. As shown in
Effect of p38 MAPK inhibitor on casticin-induced phosphorylation of histone H3 in HL-60 cells. As shown in
for 12 h. The addition of 20 µM SB203580 significantly suppressed casticin-induced phosphorylation of histone H3. Furthermore, the extent of suppression caused by SB203580 was much higher than that by SB202474, although the presence of 20 µM SB202474 also suppressed to some extent the expression level of phospho-histone H3 in HL-60 cells treated with casticin.
Alteration of intracellular ATP level in casticin-treated HL-60 cells.
It has been demonstrated that binding of ATP to its binding pocket inside of activated p38 MAPK is a prerequisite step for the activation of downstream molecules of p38 MAPK signaling pathways (30, 31) . The alteration of intracellular ATP level was thus determined in HL-60 cells after treated with 0.3 µg/ml of casticin for 6 h. As shown in Fig. 7 , intercellular ATP level was significantly upregulated in casticin-treated cells when compared to that in untreated cells.
Alteration of the intracellular reactive oxygen species (ROS) level and effect of antioxidants on casticin-induced cytotoxicity in HL-60 cells.
FACS analysis using DCFH-DA as a ROS-reactive fluorescence probe showed a significant timedependent increase in the intracellular ROS levels after treatment with 0.3 µg/ml of casticin for 3 and 12 h (Fig. 8A) . To determine whether the generation of ROS is involved in casticin-induced cytotoxicity, we also investigated the effect of antioxidants such as NAC (2.5-10.0 µM) and Trolox (0.5-1.0 µM). None of these antioxidants blocked the cytotoxicity as assessed by XTT assay indicating that casticin-induced cytotoxicity seems to be independent of ROS generation ( Fig. 8B and C) . 
Discussion
Results from this study clearly demonstrated that cell viability of HL-60 cells was reduced by casticin in a doseand time-dependent manner. Furthermore, a dose-dependent apoptosis induction, along with an accumulation of cells in G 2 /M phase and a decrease in the number of cells both in G 0 /G 1 and S phase, was observed in the casticin-treated HL-60 cells. A similar effect of casticin was demonstrated in a human colonic carcinoma cell line, HCT116 (17) , and epidermoid carcinoma KB cell line (18) . Collectively, it is suggested that both apoptosis induction and cell cycle arrest contribute to casticin-induced cytotoxicity. We recently demonstrated that no apparent cytotoxicity of casticin was observed in peripheral blood mononuclear cells from healthy volunteers when treated with concentrations showing significant cytotoxicity in human leukemic cell lines, including HL-60 (Kikuchi et al unpublished data) . Similarly, Kobayakawa et al, have shown that KB cells are more sensitive to casticin than human normal fibroblast cells TIG-103 (18) . These results thus suggest that casticin possesses selective cytotoxic activity against tumor cells.
We further demonstrated that casticin-induced cytotoxicity was significantly abrogated by the addition of SB203580, an inhibitor for p38 MAPK, in a dose-dependent manner, suggesting that p38 MAPK pathways are involved in the apoptotic induction and cell cycle arrest by casticin treatment. It has been demonstrated that p38 MAPK pathways are involved in apoptosis induction by multiple stimuli in human normal cells as well as cancer cells (9, 10) . On the other hand, the addition of PD98059, an inhibitor for ERK, did not prevent casticin-induced cytocidal effect against HL-60 cells, and conversely enhanced the cytocidal effect, in agreement with previous studies showing that ERK activation exerts a cytoprotective effect against various stimuli (12, 13) . Although the JNK has generally been associated with proapoptotic actions and growth inhibitory signals (8) , here we demonstrated that the treatment with SP600125, an inhibitor for JNK, appears to show slight cytocidal effect against HL-60 cells and little influence on the cytocidal effect of casticin. In this regard, previous reports have demonstrated that JNK can be a prosurvival signal for the growth of hepatocellular carcinoma cells (32) and gastrointestinal cancer cell lines (33) . Taking these previous results and our observations into account, we suggest that differential role of MAPKs in cellular responses is dependent on cell types, and that p38 MAPK, rather than ERK or JNK, plays a critical role in casticin-induced cytotoxicity in HL-60 cells.
Our results further demonstrated that the addition of SB203580 clearly corrected casticin-induced cell cycle arrest at G 2 /M phase, concomitant with an increase in the number of cells in both G 0 /G 1 and S phase. Furthermore, the activation of caspases including caspase-8, -9 and -3, which are key players in two principal signal pathways of apoptosis such as intrinsic and extrinsic pathways (2,4), was significantly abolished by the addition of SB203580. In this regard, it should be noted that dihydroartemisin (DHA) effectively induced p38 MAPK activation along with apoptosis in HL-60 cells, which was accompanied by caspase activation (11) . Furthermore, pretreatment with SB203580 reversed DHA-induced caspase activation and consequently abrogate the apoptosis induction (11) . Taken together, we propose that p38 MAPK activation function upstream of caspase activation in casticin-induced apoptosis in HL-60 cells. We have previously demonstrated that crosstalk between intrinsic and extrinsic pathways via Bid activation plays a critical role in apoptosis induction of KATO-III when treated with Vitex (21) , in which casticin is one of the major components (19) . Experiments focusing on the activation of Bid are needed to clarify the relationship between intrinsic and extrinsic pathways.
Although no alteration of the expression level of phospho-p38 MAPK was observed in HL-60 cells treated with casticin, a substantial increase in the expression levels of phospho-histone H3 over the endogenous levels was detected. Phosphorylation of histone H3 has long been implicated in chromosome condensation during mitosis (34, 35) . It should be noted that histone H3 phosphorylation is implicated in an oxidant-induced DNA damage and cell death in renal proximal tubular epithelial cells (36) . Furthermore, Waring et al reported that fungal gliotoxin induce phosphorylation of histone H3 along with apoptosis in mouse thymocytes, and further demonstrated that the levels of apoptosis correlated with degree of histone H3 phosphorylation (37) . Collectively, we suggest that phosphorylation of histone H3 plays a critical role in the casticin-induced cytotoxicity in HL-60 cells.
We demonstrated that the addition of SB203580 significantly suppressed casticin-induced phosphorylation of histone H3. It has been demonstrated that in response to various stimuli, activated p38 MAPK regulates the immediate early gene expression and other cellular responses by phosphorylating various substrates, including chromatin proteins, and transcription factors (38, 39) . Therefore, casticin-triggered phosphorylation of histone H3 is suggested to be mediated by the p38 MAPK pathway. However, the fact that treatment with casticin did not alter the expression level of phosphop38 MAPK raised a question of how casticin activates the p38 MAPK pathway including its downstream molecules such as histone H3. To address this, we investigated intracellular ATP levels in casticin-treated HL-60 cells, since binding of ATP to its binding pocket inside of activated p38 MAPK has been reported to be required for the activation of downstream molecules of p38 MAPK (30, 31) . As expected, intracellular ATP levels were significantly upregulated in casticin-treated cells when compared to those in untreated cells. It has also been demonstrated that SB203580 has been reported to compete with ATP for binding to the active form of p38 MAPK, and consequently blocks the p38 MAPK activity in activating downstream molecules such as MAPK-activated protein kinase 2 and activating transcription factor 2 (31, 40) . Therefore, the fact that the inhibition of casticin-induced phosphorylation of histone H3 caused by SB203580 might be attributed to the competition of SB203580 with ATP. Indeed, phosphorylation of histone H3 induced by cisplatin and arsenite has been demonstrated to be mediated by p38 MAPK pathway in HeLa cells and mouse embryo fibroblasts, respectively, since the addition of p38 MAPK inhibited phosphorylation of histone H3 (41, 42) .
We have previously demonstrated that oxidative stress is implicated in KATO-III cell apoptosis induced by Vitex (21), but not in COLO 201 cells (26) . These results suggest a cell-type dependent apoptosis induction by oxidative stress. In the current study, although reactive oxygen species (ROS) increased in response to casticin, ROS did not seem to play a pivotal role in the apoptotic process since different antioxidants were unable to provide cell protection. These results thus suggest that casticin-induced cytotoxicity in HL-60 cells might be mediated through a mechanism independent of ROS generation.
In conclusion, we demonstrated that apoptosis and cell cycle arrest are involved in casticin-induced cytotoxicity in HL-60 cells, and that both intrinsic and extrinsic pathway seem to be involved in induction of apoptosis. We also demonstrated for the first time that the addition of SB203580 not only abrogated apoptosis induction but also correct cell cycle arrest caused by casticin, suggesting p38 MAPK pathway plays a pivotal role in casticin-induced cytotoxicity. We further demonstrated that a substantial increase in the expression levels of phospho-histone H3, along with intracellular ATP levels was observed in HL-60 cells after treatment with casticin. More importantly, the addition of SB203580 significantly suppressed casticininduced phosphorylation of histone H3. Since SB203580 has been reported to compete with ATP for binding to the active form of p38 MAPK, and that it consequently blocks the p38 MAPK activity in downstream molecules including histone H3, we suggest that casticin-induced cytotoxicity is associated with apoptosis and cell cycle arrest in HL-60 cells through p38 MAPK pathway, in which intracellular ATP level and phosphorylation of histone H3 play critical roles. Collectively, these results suggest that casticin could possess a strong potential as a therapeutic agent for cancer treatment.
